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Analysis of 15 kinds of element content and health risk assessment of heavy
metals in Ziziphus jujuba leaf tea

ZHANG Chao', DING Min', LI Rui-Ju', LI Xia', LI Zeng-Mei', ZHAO Tong',
WANG Yu-Tao', WANG Feng-En'", HU Da-Gang®’

(1. Institute of Quality Sandards and Testing Technology for Agro-products, Shandong Academy of Agricultural Sciences,
Ji’nan 250100, China; 2. College of Horticultural Science and Engineering, Shandong Agricultural University,
Tai’an 271018, China)

ABSTRACT: Objective To explore the content of multiple elements in Ziziphus jujuba leaf tea and evaluate its
nutritional characteristics and heavy metal contamination risk. Methods Commercially available Zizphus jujuba
leaf tea samples from 7 major production areas were subjected to microwave digestion pretreatment. The content of
15 kinds of elements (K, Ca, Fe, Na, Mn, Sr, Zn, Cu, Cr, Ni, Pb, As, Se, Cd, Hg) were determined by inductively
coupled plasma atomic emission spectrometry (ICP-AES), inductively coupled plasma mass spectrometry (ICP-MS)
and atomic fluorescence spectrometry (AFS). Pollution assessment and health risk evaluation for 6 kinds of heavy
metals (Cu, Cr, Pb, As, Cd, Hg) were conducted using the single factor pollution index method, the Nemerow
multi-factor composite index method and the target hazard quotient method. Results The average content order of
the 15 kinds of elements in Ziziphus jujuba leaf tea was K>Ca>Fe>Na>Mn>Sr>Zn>Cu>Cr>Ni>Pb>As>Se>Cd>Hg.
The content of K, Ca and Fe were relatively high, respectively, with these 3 kinds of elements accounting for 97.9%
of the total measured element content. Furthermore, the element content in samples from different production areas
generally showed regional differences (P<0.05). The content of the 6 kinds of heavy metals did not exceed the limits
specified in GB 2762—2022 National food safety standard-Maximum levels of pollutants in foods. The single factor
pollution indexes were all below 0.6, the Nemerow comprehensive pollution indexes were all below 0.7, and the
target hazard quotients and total hazard index were all less than 1. Conclusion Under the evaluation model of this
study, the heavy metal pollution level in commercially available Ziziphus jujuba leaf tea is low, and the associated

health risks to humans are within an acceptable range.

KEY WORDS: Ziziphus jujuba leaf tea; heavy metals; correlation analysis; health risk assessment
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Yo I i 22 A R B KU B kL 3 e 102, H it
ZERN o1 UV 4 R KU A BF T T 45 SR 2 R K A
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AAEAERRR AR, MiAEBE M T 2016—2021 4[] i B £
Pb 15 YUIRBL AR h, 5 T AL TR VS YR A, 4R %t
TR R G KA T A, A TR A A R XU A
il o SR, BRI AURIZE, X T HOTR RO
B HZE X b, = 21 RGN IR AT S
B4 KU IT AL A 53

YT, ASBF SRR A BPE db | ARAE)T
A F77 XA IR A 2 A S RE iy, RN OR AT BT SR L
I Hh AR AR e R A W SR 0 K. Ca,
Fe. Na, Mn, Sr. Zn, Cu., Cr, Ni, Pb, As, Se, Cd.
Hg SFAEGEZR MR WL 15 FOTRM & &, 1 DX A4
fE, FFHATICRACHE T, W, X5 Cu. Cr. Pb, As,
Cd. Hg X 6 FE7EXBR TR, i HRH s Qs ok . W
MEZ E5 5 1o Yt B0k K B ARG RBOE AT T (R KU 1T
o BAEENLBRAM I Z U R BRI, FFITAL R IR
AEFNTE 42 J 15 Qe XU, iz Bt IR TR EEFIE 5 255 TF KR
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1 MR5ERZE

1.1 MR5RF

T DA A T B R F BT 2208 T JEIR & | IR R4
Berg B3 IiARYTZE . L4 H B8Rl AR 0es L3k 7 4~ 37
X2, PGS B LT SR U i, &7 X
3 AL

TEER (TR GR2E, TR A FRA F]); A5t i 2 Hrbn
HEY)E[GBW10052a (GSB-30a, 4%%%, 35 g). GBW10016a
(GSB-7a, ZEIM, 30 @) (MuERY PR L2 2 HFFE ), BR
JLEFRUE B [GSB04-1751-2004 (Se). GSB04-1729-2004
(K). GSB04-1733-2004 (Hg)](JFt it ¥k )& 1000 pg/mL), £IG
KIRE PR B [GNM-M071295-2013 (As, Cd, Cr, Cu, Ni,

Pb, Zn, M 100 pg/mL) GNM-M112184-2013 (Ba, Ca,

Cu, Fe, K, Li, Mg, Mn, Na, Sr, Zn, JEEHE 1000 pg/mL).
GNM-M061667-2013 (Ge, Rh, Bi, In, Sc, J&i ¥k &
1000 pg/mL)(EFA €48 K T AR o).
1.2 UFE5E%

BSA224S-CW 43 #r KV (K5 £ 0.01 mg, 7 Sartorius
Z37l); MASTER 40 155 38 12 i T ff T AE i (v Ui
TR AT BR A W), iCAP Q HL B A 25 3 T A AL (3
EZEER R HLRBHE A F); Avio 200 HLBGHE& 258 T R 5
AL (A4 R BRCR MDA B /] ], HGF-V2 125tk
TEAX (LTI AR A FR A Hl); TK20 A7 8291 AL (R
A= B R A D) .

1.3 XWFE
1.3.1 A

BOFER IR AE, A4 10 g i3FE o K
FEE T 55 CHLA P TIREEE, 8@ mmiUnmE, o
150 pm fLAZJE e i, FrM AR pooR S ENE .. ratts
WIRE I REREES .

1.3.2 AR 4 Bk

FRUE T AEMZERCN: SO BRIE Bk ik £ oK s
HEVS B G R, IOl pUBT MR B2 100 pg/L MUFRHER &
W BlIS, W06 &M — Lo M BE, AR5 BT ok B2 AR
4 0.00, 0.20, 0.50, 1.00. 2.00, 5.00 &% 10.00 pg/L Akx
HETAER R,

INFRIEERICH: ¥ GNM-M061667-2013 MFRICE bR
HER R S%IMIRTEFE 2 10 ug/L, 1A NR TAER .

1.3.3 Hmilfg

FARHTAb B MERRFRIK 0.2 g(REHfI 2 0.0001 g)FER T
P VU T 2 ¥ (polytetrafluoroethylene, PTFE)H A4S, )b
WEMEMZSAE, A 8.0 mL iR, HEK. BEE, %

THAFEE T 80 °CHA BIHAMAUHBUHAM | ho TUHMTL
AAHEERG, PATWOF AT 6 min THRE
120 °CH-{44% 5 min; 5 min FHEZE 160 °CH{£45 5 min; 5 min
THEZE 180 °CHAAEE 25 min. THAFFEFLEE AT AH, K
fRROE R 2 25.00 mL BRI, F—20KE R EZE,
(SRl
134 MEEMHSHAHEE

B 7K R F & 8% 3% {X (inductively  coupled
plasma-atomic emission spectrometer, ICP-AES): Hi#fid
1.3 kw; &8RS E 10 L/min, HHEIS S 0.2 L/min,
FAR IR 0.7 Limin, 5407200 kPa; WL & 15 mm;
IR SR PSR 1.5 mL/min, YaREREIER 15 s,

LB 5 1 T 1% (Y (inductively coupled plasma
mass spectrometer, ICP-MS): S#5T% 1550 W; 58 T4k
5.14.0 L/min, %§B)"< 0.8 L/min, %55 1.08 L/min, REERE
5mm, SR He AffEAR, 45 G AL PRI TAMRE i

JEFHENOEEL: T 260 V, 250 FIHETHLR 30 mA,
#%/<. 300 mL/min, %)<, 100 mL/min,
1.3.5 534

(DRI v 8 42 ) 5 Yo PFAR

R FH B IR 735 G A8 B0 [ A (D1 FI N g 2 255 95 5
PIAR Q)PP EAL R A A A i 4 V5 Y XU

p=S (1
S

Ao PO E AR | TG YRR C i E AR
i BISEMYRBE, mg/kg; S WEER | AR ERRE, mg/kg. BR
RN . Pb $0U4T GB 2762—2022 £ 5 2c 4 E 5w
BT E YRR ) 252845 HE(5.0 mg/kg); Cr. Cd. Hg.
As 2% NY 659—2003 (ZEmtrhik . #a. K. 6 LrR
2 XCr 5.0 mg/kg, Cd 1 mg/kg, Hg 0.3 mg/kg, As 2 mg/kg)(iZhn
HECIE 1, 1B GB 2762—2022 KM E iR IT AR,
Ao B HAE A S R E); Cu S8 NY/T 288—2018
(el 28 ) ARiE(30 mg/kg).

S L
2
K Py NHEE G515 A8 E Pra HERALH 25
G R IR RIS P ARH Payve WIRAM P& TR BTG
YIRBOP A . TR RIS YL S5 o S B A
(1),
(2)FR AL 25 v B 4 gl o XU 1Al
K BAnfEE R BRI R E RS T Cr. Cd.
Ni. Pb, Cu, As 6 Flve 4 Ja i fe e XU . F ARG 3 R4
(target hazard quotient, THQ)ZF ML —yu 2 KK [1H5B U0
AR (3)], A HFRGEE RS (total target hazard quotient,
TTHQ).

2
+ P ave (2)
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Table 1 Classification and evaluation standards for single-factor
pollution index and Nemero comprehensive pollution
index in tea'>!

WAHEE 45505

HRHE T

e YL Ly g}gA»“‘? 12
(P 15 YL S5 PP ) A5 YK
Yo YuyE
“0.6 Preees <07 Tmim(a T
By
0.6-1.0 BREETG Y~ 0.7-10 A
o TG g o (k)
. BTG Y~
>1.0 GiiRCE >1.0 ———
FHLEA BRI AT @), HiseHoE L 2:
THQ= M %1073 3)
RepWagpTa
TTHQ=3. THQ 4)

KU B THQ/TTHQ<1 B, fi i XU Ak F AT #2252 7K
V-, THQ/TTHQ= 1 B, $E/RAFAETETEARRE XU, nREXT A
T G, Wk — A U S XS B
14 BUBELIE

Hidi2z Microsoft Excel 2010 S £, SR SPSS 20.0
AT 2 A BT RS B (P<0.05) 2 A5 5 A G PE AT o

HERE D

2.1 BREMFEH ISHITERESE

21 ERA MR CE R 7 A )P 15 Foc K E&l
EER(EF HB/R: TR LFJHMIFIH N K>
Ca>Fe>Na>Mn>Sr>Zn>Cu>Cr>Ni>Pb>As>Se>Cd>Hg, H:
K. Ca, Fe filbik 97.9%; KBRS EHAAERDH
(P<0.05), #F—2L4 KM, AF”XICHE & & 20 0%
WAFE . Wl ZR085 LA AL P Min 5 5 5 (56.67 mg/kg), T
LI & RE N Fe & 58 11(422.91 mg/kg), MilETEZRIAEER,
DI K (20456.61 mg/kg)Fil Sr (115.27 mg/kg) MWHFE, XL
ZSFAIRES ™ Hh R T R S A A G, BHIET

2

AN 7= o R VR e R R 0 22 ek, R
IS 1 7 e R B TV E AR AR 6 FhEE 4IRS
WAL T EFREAE: Pb (0.461~1.335 mg/kg)<5.0 . Cr
(1.07~327 mg/kg)<5.0. Cd (0.0135~0.0453 mg/kg)<l.0. As
(0.0799~0.1724 mg/kg)<2.0. Hg (0.00306~0.00466 mg/kg)<0.3 .
Cu (5.37~9.82 mg/kg)<30.0({4i GB 2762—2022 NY/T 288—2018
(Bl 25m) , % NY 659—2003), KRS 24
PEFF G K .
22 BREMZFEF 1S MRS EEBRMN

TG E A S 43 AT X5 5 G 9 5 5 AU A HL 2 S
EPY, % 4 AN AT R MM A R Bk Mn 5
Na 2% 2 2 A (P<0.01); Sr 5 Ca 2 77UFH X (P<0.05)
H5 Fe & WFEMALP<0.01); Zn 5 Na JFEIFME
(P<0.05), 55 Fe. Mn % 2 # IEAHK(P<0.01), 5 Sr &
F A (P<0.01); Cu 5 Fe {3 IFMH(P<0.05), 5 Cat}
BERAKP<0.01), 5 Zn & BEIEMHKP<0.01); Cr
5 Fe. Na, Mn, Zn .3 IEAH5&(P<0.01)1fii 5 Sr il 2 %
fAHSE(P<0.01); Pb 5 Fe. Zn. Cr#% 83 IFA13(P<0.01),
5 sr # B E TUAE(P<0.01)HYS Cu B3 IEAK(P<0.05);
As 5 Fe. Mn, Zn, Cr, Pb 2 IEAH5¢(P<0.01)H 5 Na
BFIEA(P<0.05); Se 5 Fe. Mn. Zn. Cr. Pb. As #&
13 IEADE(P<0.01), 45 Sr B35 FAH2&(P<0.05)HY Cu &
F1F A X (P<0.05); Cd 5 Ca #l 235 HUH X:(P<0.01), 5 Mn
W B 2 TEAHE(P<0.01) H5 Sr. As 35 TFAH¢(P<0.05); Hg
5 Ca tf i #F IEAS4(P<0.01), 5 Ni It # A3 (P<0.05) H.
5 Cd # B2 HAHIE(P<0.01) . TR 5 ok B 2 USR5 3
M LA LR LM 5T As 55 Fe., Cr, Pb EAEGR
FfEM, Mn 5 Se. Cd. Pb HAEMMFEERN—, 5%
B RGP T BT B MMM SE h As 55 Pb . Cu HA
EAHR KRR - ZIUEMMHECHERR TR BEIEZ MR
B Sy I R, PR R Mt 4 R A
WP S &R IEEAARZ ORI, HAR
Yy A P B 20 R IEA R RN AR A5
YLftn] e

*2 BRRERFITNIESH

Table 2 Parameters of target hazard coefficient evaluation method

ZH 2 Hff i
Er TR d/a 365
s IO 77387
e 6[15]
ﬂ 3 =N
o EEREGE mg/kg 6 E 4
, Cu, Cr, Pb, As, Cd Fl Hg 4354 0.04 . 0.003 . 0.004 .
R ; = Fin /(kg + d
D EeRBEASENE me/(ke + d) 0.0003. 0.001. 0.0005712
Wi LN kg 7013
Ta LSO P Y- 7 BRI ] d TA=365%Ep
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#=3 BREMFEHST 15 FHxES Eme/ke)
Table 3 Content of 15 kinds of elements in Ziziphus jujuba leaf tea samples (mg/kg)
JLE BRI WHURE IiARZE P RZ IR FZEIL IWAHE O IWRBHL fRAME ROKE FEME
20456.61+ 18146.39+ 20352+ 15791.50+  18941.73+  18142.44+  16474.29+ 18329.28+
K 26.29° 94.63¢ 94.63° 150.36° 37.44° 141.71° 154,920  15660.5120486.88 7 fog 6
762738+  9344.75+  10484.4+ 10498.18+  11571.51x  7730.67+ 9499.15+ 9536.58+
Ca 53.81¢ 3.64¢ 97.71° 193.18° 97.71* 78.55¢ 12.59° 7565.25 11682.75  “393'55
129.20+ 42291+ 293.02+ 170.81+ 285.02+ 359.98+ 155.98+ 259.56+
Fe 0.95¢8 1.34° 1.62° 1.21° 1.62¢ 2.89° 0.941 12825 42497 105.46
188.32+ 219.56+ 260.99+ 171.13+ 22522+ 225.56+ 261.36+ 221.74+
Na 1.11¢ 0.19° 3.17° 3.81° 3.17° 1.4° 2.2° 168.18  263.63 32.04
25.05+ 36.20+ 38.24+ 24.95+ 35.83+ 4132+ 56.67+ 36.90+
Mn 0.33¢ 0.63¢ 0.19° 0.52¢ 0.19¢ 0.29" 0.83" 24.39 57.49 10.23
115.27+ 13.89+ 12.75+ 3731+ 10.82+ 12.02+ 50.63+ 36.12+
Sr 2.17 0.19¢ 0.04% 1.18° 0.12f 0.24¢f 0.35° 1069 117.45 36.2
26.30+ 38.39+ 33.53+ 21.59+ 31.01+ 42.64+ 27.15+ 31.52+
Zn 0.19" 0.91° 0.24¢ 0.06¢ 0.24¢ 0.10° 0.11° 2152 4275 6.94
8.22+ 9.74+ 7.33+ 5.40+ 7.66% 8.30+ 7.31+ 7.71+
Cu 0.01° 0.07° 0.16° 0.03° 0.16° 0.02° 0.12¢ 337 982 1.25
1.08+ 1.68+ 2.78+ 1.19+ 2.14+ 2.88+ 1.32+ 1.96+
Cr 0.01" 0.14¢ 0.09° 0.03" 0.10¢ 0.03* 0.01° 1.07 3.27 0.85
. 0.704+ 1.113+ 1.498+ 1.240+ 1.380+ 1.735+ 2.621+ 1.470+
Ni 0.019° 0.052¢ 0.047° 0.094¢ 0.047° 0.136° 0.089* 0.688 2716 0.574
Pb 0.468+ 0.986+ 0.651+ 0.564+ 0.684+ 1.313+ 0.549+ LY 0.745+
0.007" 0.007° 0.022¢ 0.016° 0.022° 0.021* 0.016° ’ ‘ 0.285
0.0810+ 0.1718+ 0.0995+ 0.0895+ 0.0959+ 0.1410+ 0.1130+ 0.1131+
As 0.0017" 0.0035" 0.0002¢ 0.0018° 0.0002¢ 0.0032° 0.0032° 00799 0.1724 0.0308
Se 0.0449+ 0.1568+ 0.0957+ 0.0645+ 0.0978+ 0.1469+ 01065+ (a0 16g 01019+
0.0016° 0.0063° 0.0067¢ 0.0024¢ 0.0067" 0.0072* 0.0084° : : 0.0386
0.0218+ 0.0218+ 0.0158+ 0.0146+ 0.0136+ 0.0255+ 0.0448:+ 0.0226+
Cd 0.0001¢ 0.0006° 0.0001¢ 0.0002° 0.0001° 0.0001° 0.0005* 00135 00453 0.0102
0.00358+  0.00458+  0.00434+ 0.00422+ 0.00457+ 0.00311+ 0.00342+ 0.00397+
Hg 0.00011° 0.0001* 0.00009° 0.00004° 0.00009* 0.00005° 0.00015¢  0:00306 0.00466 4 65655
H: FfT AR EEER N AT B2 5, P<0.05,
F4 BEMNFEHRZFP ISMHTRS2EMNEXRY
Table 4 Correlation coefficients of content between 15 kinds of elements in Ziziphus jujuba leaf tea samples
JLHR K Ca Fe Na Mn Sr Zn Cu Cr Ni Pb As Se Cd Hg
K 1
Ca -0.094 1
Fe  -0.045 0.052 1
Na  0.125 0225 0.145 1
Mn -0.178 —0.066 0.297 0.849** 1
Sr —0.088 —0.455" —0.664** —0.273 —0.233 1
Zn  0.194 —0.177 0.849%* 0.447% 0.554%*% —0.618** 1
Cu  0.338 —0.564™ 0.528* —0.065 0.076 —0.181 0.693** 1
Cr  0.126 0.175 0.731%* 0.569** 0.601** —0.845%* (.834** (.258 1
Ni  -0.347 0206 0.088 0.763** 0.835** 031  0.301 -0.305 0.548* 1
Pb —0.07 0.047 0.905** 0.17  0.331 —0.792%* 0.869** 0.546* 0.788** 0.236 1
As  —0271 —0.158 0.764** 0.434* 0.661** —0.353 0.809** 0.503* 0.582** 0.43 0.736** 1
Se  —0.243 —0.113 0.771** 0377 0.590%* —0.455% 0.816** 0.541* 0.610** 0.4  0.803** 0.964** |
Cd  —0.144-0.693** —0.061 0.376 0.630%* 0.441* 0.272 0316 -0.021 0.385 -0.035 0.447* 0.358 1
Hg 0.2 0.566%* 0.343 —0.155 -0.358 -0.316 0.022 0.058 0.04 -0.479* 0.188 0.003 0.051 —0.685** 1

T RN 3 (P<0.05), ** 3R ARG 2.3 (P<0.01).
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23 BREMEPEERSTEITNER

PP BRAH25EE AL ) Cr. Cu, Pb., As, Cd. Hg &
¥IFFA GB 2762—2022 FREZIR, R, HET
15 A8 HU[Cr>Cu>Pb>As>Cd>Hg, ¥I/NF 0.6]5 #2245
G5 P88 (Cr>Cu>Pb>As>Cd>Hg, ¥/NT 0.7)HEF —3
(# 5), ZINY/T 398—2000 (48 . 7 . 7K™ i i5 Y W
ARIAL ) brifE, 6 FhE 4 Jm 5 YooK P30 sloms 2 T 5 (E,
KBTI ZFX 6 FIESB IR, FHAMSER

2, Cr MRIHE B LA TR BT R e, TS
W s Yk
24 BERXEIFNER

¥ THQ/TTHQ B LM %5 Cr. Cu. Pb. As,
Cd. Hg XA RIZR AR (3R 6). 45N BT X
THQ 5 TTHQ H¥I/NT 1, R AR XU AR
Cr £ 6 FivE 4 Ja v 114 fi o JXUBS: Bk e i (457 X B4 J 1 o),
it R AR IS YRR K s AR b, R A A2 4

#5 BEEMZEDH Cuy Cry Pby As. Cd #l Hg 6 MTZREFREATLITNEG
Table 5 Evaluation results of single factor and comprehensive pollution of 6 kinds of elements, namely Cu, Cr, Pb, As, Cd and Hg, in
Ziziphusjujuba leaf tea

% SN SN2 (B PR - P BRI 5 P. EREREES
/(mg/kg) /(mg/kg) /(mg/kg) * e ek K-
Cu 5.37~9.82 7.71 30 0.26 0.33 Joim g 0.29 pREES
Cr 1.07~2.92 1.96 5 0.39 0.58 YRGS 0.54 yREE
Pb 0.461~1.335 0.745 5 0.15 0.27 Joim g 0.22 FREES
As 0.0799~0.1724 0.1131 2 0.06 0.09 P REEA 0.07 P REEA
cd 0.0135~0.0453 0.0226 1 0.02 0.05 Joim g 0.04 Joi5 g
Hg 0.00306~0.00466 0.00397 0.3 0.01 0.02 P REE 0.01 Jois gk
F 6 BEFEMHFPESEX AMERIIITMN
Table 6 Evaluation of the impact of heavy metals in Ziziphusjujuba leaf tea on human health
RPN Lk B G ZR 0 wAUR & INZRZ& 1 v 5% INARUTSE L INZ5 H B8 ITFRGA
Cu 0.0235 0.0278 0.0219 0.0154 0.0219 0.0237 0.0209
Cr 0.0411 0.0640 0.1059 0.0453 0.0815 0.1097 0.0503
Pb 0.0134 0.0282 0.0196 0.0161 0.0196 0.0375 0.0157
T As 0.0309 0.0635 0.0365 0.0341 0.0365 0.0537 0.0432
Cd 0.0025 0.0025 0.0016 0.0017 0.0016 0.0029 0.0051
Hg 0.0007 0.0009 0.0009 0.0008 0.0009 0.0006 0.0007
TTHQ 0.1121 0.1888 0.1864 0.1135 0.1620 0.2282 0.1358
3 W FEEAB/R T e o R 2 SR A8 e B B

R B R E G R E R 78, LM
MRE XU S F B IR S DRk, WHART R B WK, HI
IR A TGRS HT . T4 8 15 Y TEAN R g XU T,
AT K . ARBFTEXT 7 K EF= XA ST
T ISFOCEM RGN E, IELRE R E % K.Ca,
Fe %0 oo, FHRTRREM ZF 175 48 15 Yo P4k K fd
R TEHr, AR ERAM 25T Cr. Cu. Pb. As,
Cd.Hg % 6 R & J& & I FF G A OCIREEAR e, S5
PIRB R NIE 256 Z W FHRBEE A s Yud il L 250,
THQ/TTHQ fH/NF 1 FeHH 258 XU AT %

WG HR M A T i i 2 —, T
JEEE AR S R Y O R, R 5 RS I 5T 09 S
bRz —P3T SR A 2 R i, A

LIR & H X BRI 7% Ca (10355.2 mg/kg. 1310 mg/kg) .
Mn (82.2 mg/kg ., 28.3 mg/kg), 2RI IHE Ik B ARE
Pl Fe (245.7 mg/kg). Zn (46.3 mg/kg). Mn (60.5 mg/kg)
FFOE, TIEREHRBILIANN & HX BN Ca (16098 mg/kg),
Fe (558.5 mg/kg). Mn (15.13 mg/kg) &t £ 5 . W55 H
BRI AT S ROC R LS IE 5 LR aw AR —3,
BfEBARE B F 5Ok A B & B 2 5 R F5E
5Ky Ca. Fe. Mn Fjukl ik 7565.25~11682.75 .
128.25~424.97, 24.39~57.49 mg/kg), XL K22 10T
REVE 7 M PR S5 (AN 3BT . B RS ) . SRAR A7 (M
gty T LTI BRI EMAN . ZRERY, A
[ XA R E R T, RS =255
B3, Hif 20K A7 L E W IEMHCE AHIEER, X
—HE SEGEFMN PRI —3, AR HITRE NS



34 B 24 iR AR I 2 4l

FH1TE

BT SR YOG R AR SO, X IE S R
BLiiSitoe R

I, AW BARE— R R . AF5E o AR A
WRFA R TR 0 H LR, B R T T RN R 1
R S Mg 2 s HEA KRR SE R
B, ARAMFFE AT HE— 2 KRR A o LU AR B RG 1 50 A1 5
¥, E4EXRIEAT Cr. Cd. Hg. As WIREEIATE
FAMERLZ L E, HEL= MHCE I, 25T
IR NY 659—2003 Frdi, Dbkl 58 S 2OxBS PFAl A7
HE—EAREE . TR, A58 T 4 T KU DA 158 FH 114
R E SR, 4552 BT LG BN, At
A A A B JXURS 44 b F AR K-, (R E RIS SR 1 11
WG HE N, ZiE— e R M B,

4 % B

R AR ZE T K, Ca, Fe OGRS B (5Bl
15 FICE M 97.9%), [FIRFEAEBEPEZE048 | Jdbila . 1R
L BRIEREE . (ARSI INARHBR, (WARB;L 7 A4~
R T BRI 25 FE i 6 A EE 4 J@(Cr. Cu. Pb, As, Cd,
He) & R & E FAME, 154 F85(Prnax<0.6, P 5<0.7) 5 g3
U PEA (THQ/TTHQ<1), ZRG R AE LRI AT,
T4 @5 Y ACPAIR, AR XU &b F T 3252 7K.
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